Popular and policy discussions have focused extensively "entrepreneurship." While entrepreneurship is often viewed from the perspective the individuals' benefits-an increase in standard of living, flexibility in hours, and so forth-much of the policy interest derives from the presumption that entrepreneurs provide economy-wide benefits in the form of new products, lower prices, innovations, and increased productivity. How large are these effects?
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Introduction
In recent years, entrepreneurs have been the focus of considerable popular discussion. In part, this fascination has reflected the individuals' interest in "how to get ahead" see, e.g., HoltzEakin, Rosen, and Weathers (2000) . However, a substantial part of the popular and policy interest has been in the links between entrepreneurs' activities and overall economic performance. For example, testifying several years ago at a congressional hearing on "the entrepreneurial spirit in America," Wisconsin's Senator Robert Kasten said of entrepreneurs:
"They create new jobs. They provide new competition to existing businesses. They help to improve product quality, help to reduce prices, add new goods and services never before thought of, advance new technologies, America's competitive stance." His statement captures the view that entrepreneurial enterprises are valuable sources of technological advance, jobs, and dynamism.
In this paper, we investigate the statistical links between measures of entrepreneurial climate and one aspect of economic dynamism: productivity. Our goal is to quantify the reducedform link between increased entrepreneurial activity-indexed by firm entry and firm exit-and greater output per worker. To the extent that specific policies-lower marginal tax rates, enhanced infrastructure, reduced regulatory barriers-may be shown to increase the ability of entrepreneurs to enter new markets, this link will provide insight into one aspect of the benefitcost tradeoff of such policies.
Of course, as the statement by Senator Kasten indicates, productivity is a small aspect of the overall impact of entrepreneurs. Even if one finds little link with productivity, the virtues of competitive pressure on product pricing, product variety, and other aspects of performance should not be overlooked.
The remainder is organized as follows. In Section 2 we briefly lay out our strategy for analyzing the data. Section 3 is devoted to data description, after which we turn to econometric issues. In Section 5 we present the results of analyzing two rich panel data sets, one providing state-by-state information and the other focused on industry-level analysis. The concluding section contains a summary. We find that shocks to productivity are quite persistent. Thus, to the extent that policies directly raise labor productivity, these effects will be long lasting. In addition, the data reveal that increases in the birth rate of firms leads, after some lag, to higher levels of productivity, a relationship reminiscent of Schumpeterian creative destruction. Given previous evidence that government policies that improve access to capital (Holtz-Eakin, Joulfaian, Rosen 1994a , 1994b or reduce tax rates (Bruce 1999; Gentry and Hubbard 2000) raise the rate of entry of new entrepreneurs, our findings link these policies to enhanced productivity.
Analytic Strategy
Policymakers care about the standard of living, but their choices affect this only indirectly through their impact on new firm formation, expansions, and shutdowns. Thus, while we are ultimately interested in the effects of public policies, our approach herein is to focus on the dynamic interrelationships among births, deaths, and productivity.
Our approach is unabashedly empirical, in large part because the wide variety of existing theoretical models provides a paucity of empirical guidance. For example, in the model of Jovanovic (1982) , entry of new entrepreneurs is driven by expected ability (productivity) and profits. However, entrepreneurs' experience allows them to learn about their true ability and the less able choose to exit. Accordingly, entry may be associated with either higher or lower productivity, while exits are associated with an increase in productivity.
More generally, Johnson and Parker (1994) identify two possible dynamic linkages between birth rates and death rates. In the first, births lead to additional births and increases in deaths spawn deaths. The foundation of this relationship is essentially Keynesian (particularly in a regional context) in which the birth or death of a firm sets off a chain reaction of related actions due to inter-industry relationships. While this gives predictions regarding the level of activity, it provides no particular restriction on the productivity effect.
The second effect is Schumpeterian creative destruction. An increase in the birth rate will "cause" firm deaths. Indeed, given the well-established high failure rate of new firms (see Gibb   1990 ) some of the deaths may be the entering firms. At the same time, new more productive firms are replacing inefficient competitors, thereby implying that productivity is higher. In the context of creative destruction, changes in the death rate have an indeterminate effect. It could reflect reduced competition-and concomitant lower productivity-or it might be indicative of reduced entry barriers (i.e., fewer new firms fail). In the latter scenario, greater competition and productivity pressure would prevail.
Given the wide range of possible outcomes, it appears that the most fruitful tact is to turn to empirical work.
Data
Our goal is to analyze the relationships among productivity, and measures of entrepreneurial activity, at both the state and industry level. Anderson and Hsiao 1981; Holtz-Eakin et al. 1988; Arellano and Bond 1991; and Ahn and Schmidt 1995) .
However, in dynamic panel models where instruments are weak, GMM has been found to have a large bias and large standard error, e.g., Alonso-Borrego and Arellano (1999) . Blundell and Bond (1998) pointed out that the weak instruments may come from two sources: (1) ρ is close to one and (2) the variance of the individual effect is large relative to the variance of v . In either event, the correlation between the instruments and predetermined variables will be wiped out It seems to us that the poor performance of the standard GMM may be expected if we have a short panel with highly persistent data and/or large variance of the individual effect. This seems quite likely to be the case in our setting. There is tremendous persistence in productivity, and both state and industries display considerable heterogeneity. Alternative approaches were proposed to address this weak instrument problem, e.g., Alonso-Borrego and Arellano (1999) , and Blundell et al. (1999) . 
Results
We begin our investigation using the state-level panel, and then turn to a parallel analysis of our industry data.
Evidence from the States
We begin our analysis by summarizing the basic dynamics found in the three series of interest: productivity, births, and deaths. Specifically, we show in Table 2 state-by-state estimates of simple, AR(1) times-series models of each variable.
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For example, the first row of the table shows that using our data yields an AR(1) coefficient for productivity in Alabama of 0.951, and an associated t-statistic of 3.92. Alternatively, estimating the time-series mode for the logarithm of productivity yields corresponding estimates of 0.931 and 3.89.
In short, the productivity data show substantial persistence. Consider, for example, the implications of an estimate of 0.95 for a one-time shock to productivity. With this degree of persistence, fully one-half of the original increase survives after over 13 years. Alternatively, the estimates imply that a higher initial level of productivity leads to only modestly slower subsequent productivity growth.
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Continuing across the first row, however, one finds a very different picture for the univariate behavior of births and deaths. Births, for example, have negative AR (1) When taken as a whole, Table 2 suggests several observations. First, the choice of levels versus logarithms is of little import. The signs of the estimated coefficients always agree across these specifications, and the magnitudes are little affected as well.
Second, the AR(1) coefficients for productivity are nearly always positive. Only for North Dakota and Vermont do we find negative serial correlation. Similarly, only for Iowa and Utah are innovations in death rates negatively related; the remainder is positive. The sign of the estimated AR(1) coefficient for birth rates is often negative (80 percent of the estimates), but is positive 20 percent of the cases (ten states).
The final observation concerns the absolute magnitudes of the estimates. Recall from above that the key issue is whether the AR(1) coefficients exceed 1.0 in absolute value; that is, whether the univariate processes are stable. Looking over the estimates for the birth rate and death rate suggests little concern in this area. However, the estimates for the productivity 6 process suggest a mixture of states, some of which are characterized by non-stationarity. We pursue this further below.
At this juncture, we turn from the behavior of each data series in isolation to the dynamic interrelationships among productivity, births, and deaths. In doing so, we pool the observations for all states and seek to estimate relationships of the form
In doing so, the primary issue is the econometric technique used to control for the state-specific effects in each equation. As noted above, the approach of Holtz-Eakin, Newey and Rosenwhich we will refer to as the "panel data model" yields consistent estimates, but may suffer from poor small-sample properties due to weak instruments.
To get a feel for the issue, we present in Table 3 , the estimates of the panel data model.
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Consider first the estimates for the productivity equation at the top of the table. For purposes of comparison, we begin by estimating the analogue to Table 2 ; that is, we estimate the univariate relationship for (log) productivity using the HNR technique.
The point estimate of the AR(1) coefficient (0.008) is quite different from the estimates presented in Table 2 . This suggests that the problem of weak instruments may be quite real in these data. Nevertheless, we continue to estimate the VAR(1) model for productivity. As shown in the second line of the table, productivity is positively related to lagged values of productivity (0.025), the birth rate (0.003), and the death rate (0.012). In each case, the estimate is statistically significant.
What do the data tell us about the remainder of the dynamic relationships? For the birth rate, past productivity predicts a lower birth rate (although the estimate, -0.004, is not statistically significant). In contrast, the lagged values of the birth rate and death rate have positive, statistically significant coefficients (0.144 and 0.094, respectively). Notice, however, that the panel data model estimates of the univariate AR(1) in the third line are again somewhat different that those in Table 2 .
Finally, the last row of the table indicates that there is a positive and statistically significant relationship between lagged productivity growth (0.244), lagged birth rates (0.098) and lagged death rates (0.0168) in the data. Taken as a whole, the estimates in Table 3 are suggestive of significant and important dynamic interrelationships among the productivity, births, and deaths.
However, there remains a concern that the small sample properties of our estimates are less than desirable. Put differently, it may be desirable to estimate our parameters using the conventional "within" variation. Mechanically, this amounts to transforming each variable to deviations from the state-specific mean. While this has the advantage of eliminating the statespecific effects, it suffers from asymptotic inconsistency. In the absence of strongly correlated instruments, however, it may dominate the IV procedure in Table 3 .
The outcome of this procedure is shown in Table 4 .
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The estimates paint a very different picture of the dynamics of interest. In particular, we now find that lagged values of the birth rate and death rate lead to lower productivity. Similarly, the VAR(1) estimates in the fourth row indicate that this estimation approach preserves the negative univariate relationship between birth rates and lagged birth rates. Past values of productivity and death rates, however, raise the birth rate. Finally, the last row of the table indicates that lagged values of the birth rate have a negative influence on future death rates. In short, the use of the within estimator leads to a very different characterization of the data.
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How does one choose? Some guidance is provided by the univariate relationships also shown in the Table. In each case, the estimated parameter is closer in spirit to the range of estimates in Table 2 than the point estimate from the panel data model in Table 3 . For this reason, we prefer the estimates found in Table 5 and focus on them in the remainder.
What do the estimates tell us about the implications of the underlying dynamics?
Consider Figure 1 , which shows the reaction of (log) productivity, birth rates, and death rates to a one-unit shock to productivity.
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The top (dashed) line in the figures shows the evolution of productivity, and reflects the underlying persistence of productivity shocks. In reaction to a 1 percent shock, productivity is 0.75 percent higher in the following year, and remains 0.10 percent higher even after ten years. In contrast, the second (broken) line indicates that the birth rate rises by 0.40 percent subsequent to the productivity shock, but quickly decays. Finally, the solid line in the figure captures the fact that a productivity shock transitorily depresses the death rate of firms, although the effects are modest.
What does a similar exercise tell us about the impact of entry and exit on productivity growth? Consider Figures 2 and 3 , which are laid out in a fashion analogous to Figure 1 . As seen in Figure 2 , a 1 percent increase in the birth rate of firms leads to a subsequent decline in future productivity, births, and deaths. However, the effects, in particular those on the evolution of measured productivity, are quite modest. The patterns contained in Figure 3 are a bit different.
Here an increase in firm exits leads to a negative impact on future productivity-the quantitative magnitudes are fairly modest-but raises future death rates. The impact on births is initially positive, but turns mildly negative after three years.
Evidence from Industries
We turn now to the evidence provided by our panel data for industries at the national level. As with the state data, we begin with estimates of AR (1) times-series models of each 9 variable for each industry.
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The fourth row of Table 6 shows the estimates for the manufacturing sector using our data. The procedure generates an AR(1) coefficient of 1.11 (the tstatistic is 11.1). Alternatively, estimating the time-series mode for the logarithm of productivity yields an estimate of 1.08 (and t-statistic of 10.7).
Continuing across the row, however, one finds a very different picture for the births and deaths. Births, for example, have essentially no first-order correlation, while the estimates for deaths are more modest (roughly 0.5 in both specifications) and not estimated very precisely.
Again, rather than focus on each industry, we seek to assess the less on Table 6 as a whole. As with the states, the choice of levels versus logarithms is of little import. The signs of the estimated coefficients always agree across these specifications, and the magnitudes are little affected as well.
As with the states, the AR(1) coefficients for productivity are nearly always positive.
Only for construction does there appear to be a negative first-order correlation. Similarly, only for the F.I.R.E. industry are innovations in death rates negatively related; the remainder is positive. The sign of the estimated AR(1) coefficient for birth rates is roughly evenly split between negative and positive, but is small in absolute magnitude. These patterns are reminiscent of our discussion of the state-level data (above).
As before, the final observation concerns the absolute magnitudes of the estimates.
Among our estimated models for birth rates and death rates, there appears to be little suggestion of non-stationarity. However, the estimates for the productivity process suggest a mixture of possibilities.
We again turn from the behavior of each data series in isolation to the dynamic interrelationships among productivity, births, and deaths. However, because our cross-sectional size is so small, we do not attempt to estimate the panel data model. Instead, we turn directly to estimates based on the within variation. These are shown in Table 7 .
The estimates paint an interesting picture of the dynamics of interest. In particular, again find that lagged values of the birth rate and death rate lead to lower productivity. The magnitudes, however, are quite small. In contrast to the state data, past values of productivity and death rates, lower (not raise) the birth rate. Finally, the last row of the table indicates that lagged values of productivity and the birth rate have a negative influence on future death rates.
What do the estimates tell us about the implications of the underlying dynamics? Again, we focus on Figures 4 to 6, which show the reaction of (log) productivity, birth rates, and death rates to a one-unit shock of each variable.
12
The top (dashed) line in the Figure 4 shows the evolution of productivity, and reflects the very strong underlying persistence of productivity shocks (the coefficient is just short of 1.0). In reaction to a 1 percent shock, productivity is 0.90 percent higher in the following year, and remains 0.50 percent higher even after 15 years. In contrast, the broken and solid lines indicate that the birth rate and death rate are both suppressed by the productivity shock, but the magnitude is quite inconsequential.
What about the effects of births and deaths on productivity growth? Consider Figures 5 and 6. As seen in Figure 5 , a 1 percent increase in the birth rate of firms leads to a subsequent decline in future productivity, but (after a few years) an increase in births and deaths. Again, the effects are modest. The patterns contained in Figure 6 are a bit different. Here an increase in firm deaths has essentially no effect on productivity, and depresses birth rates, but raises future death rates. The latter effect is familiar from our analysis of state data.
Summary
Our approach has been to examine the dynamic linkages among firm birth rates, death rates, and productivity using panel data at the state and industry level. Using the state-level data, we find that shocks to productivity are quite persistent. Thus, to the extent that state-level policies directly raise labor productivity, these effects will be long lasting.
In addition, the data reveal that increases in the birth rate of firms leads, after some lag, to higher levels of productivity. This empirical relationship is at the heart of the notion of Schumpeterian creative destruction. There is now considerable evidence that government policies that improve access to capital (Holtz-Eakin, Joulfaian, Rosen 1994a , 1994b or reduce tax rates (Bruce 1999; Gentry and Hubbard 2000) raise the rate of entry of new entrepreneurs.
Our findings link these policies to enhanced productivity. An important caveat to this finding, however, is the fact that higher death rates do not seem to be related to productivity growth, a finding at odds with the simple version of Schumpeterian creative destruction. 4. Preliminary analysis indicated that each variable was well-described by an AR(1) and no series contained a significant second-order, AR(2), component.
5.
Notice that ln y may be re-written as ln
The sole exception being the state of Washington.
7.
As with the univariate estimates, some preliminary investigation indicated that a single lag of each variable was sufficient to capture the dynamics.
8.
We focus on the logarthmic specification in what follows. Estimates of the corresponding levels equations are available from the authors.
9.
In the table we report two different estimates of the standard error of each coefficient. The top estimate uses the robust covariance matrix e.g., Andrews (1991) with a Parzen kernel. The bottom estimate is derived from the conventional covariance matrix.
10.
In constructing Figure 1 , we do not employ an information regarding the contemporaneous covariances among productivity, births, and deaths. To do so requires placing a causal structure on these relationships. Our interest is on the subsequent dynamics.
11.
As with the states, preliminary analysis indicated that each variable was well-described by an AR(1).
12.
As before, we do not employ an information regarding the contemporaneous covariances among productivity, births, and deaths. 
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